The purpose of the present study was to investigate the underlying molecular mechanism of osteoarthritis (OA) and rheumatoid arthritis (RA) based on microarray profiles. Three human joint fibroblast-like synoviocytes (FLSs) microarray profiles including 26 OA samples, 33 RA samples, and 20 healthy control (HC) samples were downloaded from the GEO database. Differentially expressed genes (DEGs) between OA and HC (DEGsOA) and RA and HC (DEGsRA) were identified. Co-expressed and specific genes were analysed between DEGsOA and DEGsRA. Gene ontology, KEGG pathway enrichment, PPI network, and GSEA were performed to predict the function of DEGs. Two hundred seventy-six and 410 differential genes in DEGsOA and DEGsRA were observed. One hundred fifty coexpressed genes and 126 OA-specific genes (SELE, SERPINE1, and NFKBIA were the key genes) between DEGsOA and DEGsRA were enriched in the tumour necrosis factor (TNF) signalling pathway. However, 260 RA-specific genes of which the key genes were CCR5, CCR7, CXCR4, CCL5, and CCR4 were enriched in chemokine signalling pathway. Therefore, FLSs might exert an inflammatory effect by regulating TNF signalling pathway, targeting SELE, SERPINE1, and NFKBIA during the process of OA. Although TNF signalling pathway was also involved in the synovitis of RA, chemokine signalling pathway played the key role in RA FLSs mediating cell migration, invasion, and release of chemotaxis. In addition, CCR5, CCR7, CXCR4, CCL5, and CCR4 might be hub genes in RA. The different biomarkers and pathways identified in OA and RA may provide references for further study.
Significance of the study: This study revealed the similar and different mechanisms of FLSs and different biomarkers that might with important regulatory effects on RA and OA. In OA, FLSs played an inflammatory role through TNF signalling pathway, targeting SELE, SERPINE1, and NFKBIA. Although TNF signalling pathway was also involved in the synovitis of RA, chemokine signalling pathway was a crucial pathway in mediating FLSs migration, invasion, and release of chemotaxis. CCR5, CCR7, CXCR4, CCL5, and CCR4 might be keys genes in RA. We expect that our results will bring more comprehensively understanding between RA and OA for researchers. pathology. [4] [5] [6] Because there are no blood vessels on the joint surface, fibroblast-like synoviocytes (FLSs) in the inner layer of the joint capsule are the only cells that can secrete lubricant to help joint movement and transport nutrients to maintain the physiology of chondrocytes. 7 The persistent chronic synovitis via rapidly increasing production of cytokines, such as tumour necrosis factor α (TNF-α), interleukin 6 (IL-6), and interleukin 1 (IL-1) may worsen the inflammation degree and accelerate the joint destructive process. 8 OA was initially thought to be a degenerative disease; however, the new point of OA is that inflammatory process results in the development and progression of OA. 9 Inflammatory cytokines, such as TNF-α, IL-1, and IL-6, which are known to play a huge part in the pathogenesis of RA, are also associated with the pathophysiological mechanism of OA.
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More importantly, the citrullinated molecules, the indicator of inflammation process, are no longer the unique event in RA and can also be detected in patients with OA. 11, 12 Although the number of citrullinated molecules is much higher in the synovial tissue among RA patients, it can also be found in the synovial membrane in some patients with OA. 13 These similar pathological features can explain some similar clinical symptoms and imaging results in OA and RA patients. 14, 15 But there are still some differences between OA and RA. RA is a chronic, heterogeneous, systemic autoimmune disease; however, OA is not. One significant character of RA is that immune cells could Bioinformatics provides an effective method for mechanism research. 19 In the present study, we used three high-throughput microarray profiles to screen differentially expressed genes (DEGs) between OA and HC (DEGsOA) and RA and HC (DEGsRA). In the two groups of DEGs, there were some common genes (coexpressed genes) and also some specific genes in their group, respectively. We speculated that the coexpressed genes could reveal the same mechanism or pathological manifestations in OA and RA. At the same time, using the specific genes in OA or RA, we might uncover some specific mechanism in each disease. And finally, we expect to find the same and different parts between OA and RA and to identify specific markers and pathways for each other.
| MATERIALS AND METHODS

| Affymetrix microarray
In order to ensure the consistency of data background values, we chose the GSE55457, GSE55584, and GSE55235 from Gene Expres- and online presentation for additional information. 20 This study was reviewed and approved by the Ethics Committee of the Guangxi Medical University, Naning, China.
| Data reprocessing
The raw data files, which were all CEL files, were downloaded from GEO datasets. R language (version 3.4.3) (http://www.r-project.org/)
and Bioconductor (http://bioconductor.org/) were used to perform data analysis. Data normalization was performed using the Affy package in R software and every probe set was normalized. 21 
| DEGs identification
Firstly, the normalized data were intersected with gene symbol and reference information. And then the data were analysed with the Limma package in the R. The Limma package was designed for examining DEGs. 22 Only the genes with P value ≤ 0.01 and |log 2 fold change (FC)| ≥ 1 were identified as DEGs. 23 The 27 The results were conducted for visualization with ggplot2 package, and the P value < 0.05 was set as the cut-off value.
| Integration of protein-protein interaction network
Search Tool for the Retrieval of Interacting Genes database (STRING v.10.5; http://string-db.org/cgi/input.pl), which could offer a crucial integration and assessment of protein-protein interaction (PPI) network, was an online database and used to evaluate relationship between DEGs. Interactive relationships among DEGs with a score > 0.4 were thought to be statistically significant. The PPI networks were then used maximal clique centrality (MCC), maximum neighbourhood component (MNC), degree algorithm of cytoHubba, 28 which was a built-in analysis tool in Cytoscape (v3.6.0), to find hub genes in OA-specific and RA-specific genes.
| Gene set enrichment analysis
Gene set enrichment analysis (GSEA) could detect changes in the gene set rather than the individual genes, so it can uncover these subtle expression changes and is expected to yield more desirable results. In order to study the effect of the DEGs on various biological functions, GSEA (v3.0, http://software.broadinstitute.org/gsea/downloads.jsp) was used to analysis DEGs of biological functional annotation and pathways. Molecular Signatures Database (MSigDB) of c2 and c5 are two reference gene sets, which were downloaded from GSEA official website (http://software.broadinstitute.org/gsea/downloads.jsp). The
MSigDB of c2 is a reference set for KEGG enrichment, and its pathways were all curated from canonical information and extracted from preview studies. Besides, the MSigDB of c5 is used to perform GO enrichment analysis and is consisted with genes that annotated by the same GO terms from publications. 29 We set the number of permutations at 1000. P value < 0.05 and a false discovery rate (FDR) < 0.25
were considered statistically significant enrichment results. D-E). This meant that in OA, the genetic changes were not as pronounced as RA.
| Intersectional genes analysis
RA and OA have some similarities in pathology and clinical manifestations. Using genes that were coexpressed in DEGsRA and DEGsOA to perform bioinformatics analysis should be able to speculate on the same mechanism in RA and OA. There were 150 genes that coexpressed in both DEGsRA and DEGsOA (Figure 2A ), including IL-1, IL-6, and vascular endothelial growth factor A (VEGFA), that were all reported in the previous studies of RA and OA. 16, 31 Then we used the 150 coexpressed genes to perform KEGG pathway enrichment analysis, and we got 51 enrichment results. We chose the top 10 of the pathways to perform visualization ( Figure 2B ). In the top 10 pathways, leishmaniasis, influenza A, mitogen-activated protein kinase (MAPK) signalling pathway, 32 HTLV-I infection, herpes simplex infection, tumour necrosis factor (TNF) signalling pathway 33 were all reported that they could mediate inflammation development. extracellular matrix (ECM)-receptor interaction, intestinal immune network, and antigen processing and presentation played a more important role in autoimmune disease. These results indicated that RA and OA had a common inflammation mechanism. And autoimmune system disorder is not specific mechanism in RA and might play a certain role in OA, which indicated that disorders of the autoimmune system may increase the susceptibility to OA. The 150 coexpressed genes were conducted to perform GO analysis ( Figure 2C ). There were 111 genes in the 150 genes that the WebGestalt could recognize. In the Biolog- 
| Identify biomarkers and pathway in OA
Excluded the 150 coexpressed genes, there were still 126 OA-specific genes in OA. We used the 126 OA-specific genes to find hub genes and perform KEGG pathway enrichment analysis in order to discover some specific mechanism for OA. We used the MCC, MNC, and
Degree algorithm of cytoHubba in the Cytoscape to perform the PPI network, and we chose the top 20 hub genes to perform the subnetwork ( Figure 3A-C) . In the three PPI network, interleukin 8 (IL-8),
insulin-like growth factor 1 (IGF1), selectin E (SELE), serpin family E member 1 (SERPINE1), and nuclear factor of kappa light polypeptide gene enhancer in B cells inhibitor alpha (NFKBIA) were the common top five hub genes in the three algorithms module. In the KEGG enrichment results ( Figure 3D , Table S1 ), there were only 10 pathways, and malaria, Chagas disease, toll-like receptor signalling were the top five pathways ranged by P value. Besides, in the TNF signalling pathway, NFKBIA, SELE (a part of the top five hub genes) and TNF Alpha Induced Protein 3 (TNFAIP3, one of the top twenty hub genes) were enriched. We therefore speculated that TNF signalling pathway had a more relevance to the occurrence of OA than other signalling pathways. In the map of TNF signalling pathway ( Figure 3 E), NFKBIA and TNFAIP3 were the intracellular signalling factor that could negatively regulate the TNF signalling effect through inhibiting some signal factors. 34 SELE is a protein located on the cell membrane, highly expressed in some cytokine-stimulated vascular endothelial cells and is reported to have a function for accumulating the leukocytes and inflammatory cytokines at inflammatory sites by regulating the adhesion with cells. 35 In OA, SELE might increase the cell communication through molecular adhesion, and strengthen the TNF signalling pathway to aggravate the inflammation.
| Identify biomarkers and pathway in RA
Excluded the 150 coexpressed genes, the RA-specific genes were 261.
RA had more specific genes than OA, which meant RA was more complex than OA. We used the 261 genes to find hub genes and perform KEGG pathway enrichment analysis as discussed above. We selected the top 20 hub genes to make subnetwork in the same way ( Figure 4A-C) . In the PPI network, C-C motif chemokine receptor 5
(CCR5), C-C motif chemokine receptor 7 (CCR7), C-X-C motif chemokine receptor 4 (CXCR4), C-C motif chemokine ligand 5 (CCL5), and C-C motif chemokine receptor 4 (CCR4) were the significantly common hub genes in the three PPI network. There were 51 KEGG pathway enrichment results (Table S2) , and we also chose the top 10 pathway to perform visualization ( Figure 4D ). In the top 10 pathways, graft-versus-host disease, intestinal immune network, allograft rejection, type I diabetes mellitus, RA, and autoimmune thyroid disease were related with autoimmune disorder and Staphylococcus aureus infection; influenza A had a correlation with autoimmune response and inflammation. Chemokine signalling pathway and cell adhesion molecules pathway (CAMs) were considered to participate in signal transduction. 36,37 CCR5, CCR7, CXCR4, CCL5, CCR4, and other hub genes were enriched in the chemokine signalling pathway.
In the chemokine signalling pathway map ( Figure 4E ), we could discover that most of the RA-specific genes and hub genes were enriched in chemokines and chemokine receptors. CCL5, a chemokine from a superfamily of secreting proteins, had a function as a chemoattractant for blood monocytes, memory T helper cells, and eosinophils, involved in immune regulation and inflammatory processes. It can cause the releasing of histamine from basophils and activate eosinophils to mediate the inflammation. CCRs are the proteins that belong to the G-protein-coupled receptor family, and they are receptor for extensive chemokines. 38 CCRs are the one category of protein receptors that could regulate cell activities of various types of leukocytes. 39 CXCR4 is a chemokine receptor 40 specific for stromal cell-derived factor-1. We therefore speculated that chemokine CCL5 In OA, we discovered that all genes in DEGsOA (coexpressed genes and OA-specific genes) were all playing the role of promoting inflammation progress by activating TNF signalling pathway. But the coexpression genes enrichment analysis results were inconsistent with the results of RA-specific genes. We next investigated which part might play the greater role in RA development between coexpressed and RA-specific genes. Then we used the DEGsRA (coexpressed genes and RA-specific genes) to perform GSEA analysis ( Figure 5 ). In the GO enrichment results, cytokine activity, receptor binding, and extracellular region part were significantly enriched ( Figure 5A-C) . Cytokine-cytokine receptor interaction was significantly enriched in KEGG pathway ( Figure 5D ). The GSEA results were consistent with the RA-specific enrichment analysis results.
Therefore, we concluded that chemokine signalling pathway might play a more important role in the process of RA, and theTNF signalling pathway might play a relatively minor role. But in OA, TNF signalling pathway might be the main regulatory mechanism. pathway. 43 Yamanaka had reported that anti-TNF could inhibit the RA progress through regulation of oxidative stress. 44 These above signalling pathways also play a similar role in the development of OA. [45] [46] [47] Although the pathology of FLSs in OA and RA is somewhat similar, the distinctive pathogenesis and roles of FLSs in OA and RA are still not clear.
At present study, high-throughput sequencing gene chip technology provides an extremely effective tool for understanding the molecular mechanisms of OA and RA in multiple gene levels and for thought to be an effective target for inflammation therapeutic target. 35 However, the specific mechanism of SELE in mediating the occurrence and development of OA is still scarcely studied. But we found SELE might be a potential biomarker or therapeutic target for OA. SERPINE1 is a member of the serine proteinase inhibitor superfamily and is the main inhibitor of tissue plasminogen activator (tPA) and urokinase (uPA) and fibrinolysis. Down-regulated SERPINE1 could accelerate the progression of inflammation. 56 NFKBIA belongs to the NF-κB inhibitor family and could interact with REL dimers to inhibit NF-κB/REL complexes that reported to be involved in inflammatory response. 57 Therefore, SERPINE1 and NFKBIA could negatively regulate inflammatory progress, which is consisted with our result. Besides, the hub genes SELE, SERPINE1, and NFKBIA, as well as the coexpression genes, were all enriched in the TNF signalling pathway (Table S1 ). Therefore, we concluded that the TNF signal pathway was mainly involved in the occurrence and development of OA.
And SELE, SERPINE1, and NFKBIA may be the important biomarkers for OA.
In RA-specific genes, CCR5, CCR7, CXCR4, CCL5, and CCR4 were the top 5 hub genes in the sub-PPI network ( Figure 4A-C) . CCRs are the members of the G-protein-coupled receptor family, and they are receptors for extensive chemokines. CCRs structurally are some molecules that regulate cell activities of various leukocytes. 58 It was reported that CCR5 overexpression would increase the susceptibility to RA occurrence. 59 Besides, CCR5 is the receptor of CCL5, which function acts as a chemoattractant for blood monocytes, memory T helper cells, and eosinophils. It was reported that CCL5 induced articular cartilage degradation by activating MMP-1 and MMP-13 expression in RA FLSs. 60 In RA, Aldahlawi AM had reported that coexpression of CCR7 and fas cell surface death receptor (CD95) was associated with RA activity. 61 Some reports had revealed that the high level of chemokine receptors such as CCR4 and CCR6 among the Tregs could induce Tregs to migrate to inflammatory joints. 62 Flytlie HA reported that immunohistochemistry of the RA synovial membrane demonstrated CCR4 to be over-expressed in endothelial cells which could take some effect on attracting specific memory T cells to the joints. 63 CXCR4 is CXCs chemokine receptor specific for stromal cell-derived factor-1. Yang R had reported that stromal cellderived factor 1 in RA-FLSs promoted migration of monocytes into synovium tissue in hypoxia-induced environment. 64 Kanbe et al had uncovered that high level of CXCR4 in RA-FLSs was related with disease activity and joint function destruction. 65 As expected, these hub genes were all enriched in the chemokine signalling pathway (Table   S2) , rather the TNF signalling pathway.
We could realize that DEGsRA can be roughly divided into two major categories. One class of genes were mainly concentrated on the TNF signalling pathway, and the other part was mainly enriched in the chemokine signalling pathway. Besides, we further performed GSEA analysis to explore which part played a more crucial role in the mechanism of RA ( Figure 5 ). Based on GO enrichment results, cytokine activity, receptor binding, and extracellular region part were significantly enriched, and cytokine-cytokine receptor interaction was significantly enriched in KEGG pathway category. These results were consistent with the RA-specific genes enrichment analysis results. In last, we had reason to speculate that RA-specific genes played a greater role in the development of RA. And chemokine signalling pathway was the main signalling pathway compared to TNF signalling pathway in RA.
| CONCLUSION
Using bioinformatics methods, we combined three microarrays from OA, RA, and healthy FLSs synovium to analyse the biomarkers and significant pathways in the development of OA and RA. Our results demonstrated that TNF signalling pathway mainly participated in the inflammatory development of OA, and SELE, SERPINE1, and NFKBIA were the hub genes in the network. Besides, TNF signalling pathway was also associated with the inflammatory process of RA while chemokine signalling pathway was involved in the migration, invasion, and release of chemotaxis of cells, which were the other characters of RA. Compared with the two signalling pathways, chemokine signalling pathway played a greater role in the regulation of RA. Besides, CCR5, CCR7, CXCR4, CCL5, and CCR4 might play a more important role in the RA mechanism. Our research provided a new research idea and method for other research work. At the same time, the different biomarkers and pathways identified in OA and RA were expected to provide references for further study. However, our experiment still has certain flaws, the sample size is not big enough, and there is no systematic experimental verification of the analysis results.
